The purpose of this study was to evaluate the fracture resistance and failure location of single-tooth, implant-supported, all-ceramic restorations on different implant abutments subjected to a maximum load.
Introduction
The use of osseointegrated dental implants with a history of confirmed success over time with long-term follow-up of patients has propelled dentistry into a new age of oral rehabilitation which has captured an even more global interest of clinicians and resarchers worldwide. 1 Biomechanical considerations such as bone to implant contact, threaded screw, distribution of vertical or lateral load, and the use of a shock absorbing material (acrylic resin, etc.) are recognized as being among the most important factors for the long-term success of the osseointegrated implant. 2 Dental implants and abutments are usually fabricated from commercially pure titanium which has a well-documented biocompatibility and favorable mechanical properties. 3 Metal implant abutments are widely considered as the standard treatment option for implant supported restorations but they have inherent esthetic disadvantages. The increase in demand for a better esthetic outcome by clinicians and patients has contributed to the development of a new generation of more esthetic ceramic abutments.
One of the most challenging scenarios for a dentist is the restoration of a single-tooth edentulous space with an implant-supported crown and to achieve a successful outcome in terms of both osseointegration of the implant and the esthetic integration of the crown restoration in the dental arch. 3, 4 Implant-supported singletooth restorations are subject to the most exacting requirements such as optimal implant and superstructure positioning in areas of the dental arch requiring an optimal esthetic result, especially in patients with a high lip line. 5 Despite the numerous improvements in the fabrication and design of metal abutments 6, 7 there remains a risk of the metal components being visible when such abutments are used. supported restorations consisting of titanium and zirconium abutments along with all-ceramic restorations and to identify the location of the failure of these implant-all ceramic crown combinations. The null hypothesis tested was there is no difference in fracture resistance and fracture pattern between different types of abutments used.
Methods and Materials
As shown in Table 1 , 40 3i Certain implants with a diameter of 4 mm and 13 mm in length and 20 SLA ITI Straumann implants with a diameter of 4.1 mm and a length of 13 mm were used in this study. The implants were divided into three groups according to the type of abutments used as follows:
• Even when placed subgingivally, a dull gray background may give the soft tissue an unnatural bluish appearance. 4, 7 The presence of a gray gingival discoloration may be attributed to a thin gingival tissue thickness in the area around the abutment that is incapable of blocking reflective light from the metal abutment surface. 4, 5 As a result, ceramic abutments were developed to achieve optimal mucogingival esthetics. 4, 8 Currently, ceramic abutments are fabricated out of Y2O3-partially stabilized zirconia (ZrO 2 ) ceramic. This material has improved optical and mechanical properties and has demonstrated differences in its microstructure and mechanism due to their transformation toughening properties (tetragonal to monoclinic phase) against flaw propagation and how it fractures under a load. [9] [10] [11] [12] The purpose of this in vitro study was to evaluate o the fracture resistance of single-tooth implant- 32 N following the manufacturer's instructions. All 20 SynOcta abutments were placed on their corresponding implant and abutment screws tightened at 32 N. Ceramic Blank abutments were then placed on top of each synOcta abutment and the abutment screws tightened at 20 N following the manufacturer's instructions. All 80 abutment screws were tightened using a contra angle torque driver (Contra Angle Torque Driver, 3i, Implant Innovation, Palm Beach, FL, USA).
Sixty lithia-disilicate-based Empress 2 pressed copings were constructed using a silicone index of the waxed coping for consistency between the samples. Frameworks were then layered with A3 shade Empress 2 porcelain then fired using another silicone index of a waxed central incisor with a height of 11 mm and width of 8 mm to assure similarity between specimens. All crowns were lightly sandblasted with 50 micronsize aluminum oxide particles then the fitting surfaces of the crowns were etched with 5% HF, IPS ceramic etching gel for 60 seconds, then rinsed, dried, and silanated with Monobond-S for 60 seconds. The crowns were then cemented on their corrresponding abutment using Multilink selfcure resin cement following the manufacturer's instructions. All materials used for this process were products of Ivoclar Vivadent, Schaan, Liechtenstein. Excess resin was removed using a regular size microbush (Microbrush, Microbrush International, Grafton, WI, USA), and the crowns were held in place using finger pressure until the cement was set. The 60 implant-abutment implants and 20 synOcta Ceramic Blanks abutments.
• Group 3: Consisted of 20 3i Certain implants and 20 UCLA abutments.
UCLA abutments were waxed and cast in highnoble alloy (Lodestar, Ivoclar Vivadent AG, Liechtenstein). The composition of the alloy is Au 51.5%, Pd 38.5%, In 8.5%, and Ga 1.5% (Figure 1 ).
The ZiReal abutments were prepared using diamond rotary cutting instruments (Bur No. 379EF016; Brasseler GmbH & Co KG, Lemgo, Germany) with water-spray application ( Figure 2 ).
SynOcta abutments were placed on their corresponding ITI Straumann implants, hand tightened, and all 20 abutments were prepared using Straumann ® CARES, Computer Aided Restoration Service technology (Institute Straumann AG, Straumann ® Dental Implant System, Switzerland) ( Figure 3 ).
All 60 abutments were prepared with standard measurements of 1.0 mm of chamfer depth, 2.0 mm of incisal reduction, and total preparation height of 7 mm. After preparation, the Ceramic Blank abutments were infiltrated to achieve maximum hardness following manufacturer's recommendation.
All 40 abutments (UCLA and ZiReal) were placed on their corresponding implants and tightened at The data recorded was analyzed with oneway analysis of variance (ANOVA) and level of significance was set p=0.05.
Results
One way ANOVA revealed a significant difference between groups (p=0.00035). Group 1 (792.7 N ± 122.5) and group 3 (793.6 ± 162.3) have close mean values for fracture resistance, while Group 2 (604 N ± 191.1) had the lowest mean value ( Table 2 ).
The Tukey Post Hoc test showed no significant difference between Group 1 and Group 3 (p=0.999), while Group 2 has significantly lower fracture resistance than Group 1 (p=0.0014) and Group 3 (p=00132) ( Figure 5 ).
The fracture locations in the three groups is shown in Figure 6 . Group 2 showed three types of fractures; two specimens fractured at the implant level, 12 at the abutment level, and six resulted in fracture of the crowns. In Group 1, 16 crown and four abutment fractures were reported. Group 3 had 17 crown and three abutment fractures. Descriptive statistics for fracture resistance and fracture location by groups are presented in Table 1 and in Figures 5 and 6 .
Discussion
The mechanical quality of machined ZrO 2 ceramic is well known and is closely related to the cutting abilities of diamond tools. 13 This was confirmed by Yildirim et al. 14 who demonstrated no deterioration of Y2O3-partially-stabilized ZrO 2 ceramic abutments as a result of the milling process. Vigolo et al. 15 reported no changes complex were embeded in a sample cup with Sampl-kwick resin (Buehler, Lake Bluff, IL, USA) and allowed to polymerize overnight.
An Instron 8500 universal loading machine (Instron, Norwood, MA, USA) was used for fracture testing. Each specimen was inserted into the holding device and a controlled load was applied using a stainless steel rod with a 2 mm tip-diameter at an angulation of 45º to the longitudinal axis of the tooth (Figure 4) . Pressure from the rod tip was applied at a crosshead speed of 1 mm/min. All specimens were loaded until fracture, and the maximum breaking loads were recorded in Newtons (N). After mechanical failure, all fractured specimens were inspected using a stereomicroscope (Zeiss OpMi1, Zeiss, Oberkochen, Germany) at 10X magnification to locate the fracture area. Occlusal forces were reported in the range of 90 to 370 N and 150 to 235 N in the anterior region. 20, 21 Loads of this magnitude were safely tolerated by ZrO 2 -ceramic abutments in the present study which had a mean load-bearing capability of 792.7 N and a mean load-bearing of 604.1 N by Ceramic Blank abutments. While the ZiReal abutment load fracture resistance was comparable to the UCLA abutment, the values of the ITI Straumann Ceramic Blank were lower than the fracture resistance values measured for the UCLA abutment. It is therefore plausible to expect the combination of implant superstructures (ZiReal) to have a load resistance similar to those supported by a titanium abutment.
Fracture analysis revealed the UCLA and ZiReal abutments had similar fracture locations. Crown fracture with an intact abutment under loads greater than what was observed in the mouth occurred in 80% and 85% of the specimens in Groups 1 and 3, respectively. In Group 2 only 30% had crown fracture with an intact abutment but two implant fractures were noted. The majority of the fracture locations in this group were observed within the abutment (60%), and the fatal crack emanated primarily from the cervical part of in the rotational freedom were noted following preparation of ZiReal abutments.
There are very few data reports available in the literature on Ceramic Blank abutments. Aramouni et al. 16 showed a statistically significant increase in rotational freedom of the Ceramic Blank over the synOcta counterpart after preparation and infiltration of the Ceramic Blank abutments with values being slightly higher than recommended by Binon and McHugh. 17 The Empress 2 core ceramic is composed of crystalline and glass phases. The crystalline Empress 2 core consists of elongated lithiadisilicate crystals (Li 2 Si 2 O 5 ). 16 It has a flexural strength of 215 (±40) Mpa and a fracture toughness of 3.4 MPa. 17 It is considered the material of choice for the restorations in anterior teeth due to the favorable esthetic outcome made possible by replicating the translucency of natural teeth when used in combination with high-strength cores. 18 In a severe contact event surface cracks can propagate to cause fracture. 19 Different studies showed that crack propagation continued through the Empress 2 veneer-core interface. 
Clinical Significance
The three abutments tested showed they can withstand clinical loads above the normal range of mastication.
the Ceramic Blank abutments in the buccal area. This part of the all-ceramic implant restoration presumably represents the area of the highest torque and stress concentrations caused by levering effects. Further investigations are needed to improve the strength of the cervical portion of ITI Straumann Ceramic Blank abutments.
The results of this in vitro evaluation of allo ceramic prosthetic implant superstructures are promising. Long-term in vivo evaluation, however, o is mandatory to provide a definitive prognosis of the clinical performance.
Conclusion
Within the limitations of this in vitro study, the o following conclusions were drawn:
1. The mean load-to-failure values for all three groups were well above the reported normal maximal incisal load range. 2. The load to failure for both the zirconium
